A prototype electronics package of amplifier, ADC, pulser, data-bus interface, bias supply and low voltage supply has been developed to process high resolution data from rugged intrinsic germanium detectors with high reliability in a harsh environment. This sturdy modular package attachable to the dewar of a rugged detector oriented horizontally or downward degrades detector energy resolution at 1332 KeV less than 0.25 KeV.
without many long interconnecting cables.
Descri pti on
This section will describe the physical layout of major components of the electronics package in the L-shaped container and discuss important features and functions of these components.
Physical Configuration
The L-shaped container is ruggedly constructed to hold components securely while protecting the interior against dust, humidity and salt spray. Aluminum sheets 0.16 cm thick were welded to form the container sides. Five long rods (diameter = 0.48 cm) threaded on both ends are located in the corners to secure the end plates, also 0.16 cm aluminum. These rods screw into the front (top) panel, penetrate through the back (bottom) panel and tightened by nuts. A mother board is mounted inside the front panel to distribute power and signal connections from the front panel to the circuit boards. The mother board also contains card edge connectors for four circuit boards, two wide and two narrow. The shaping amplifier, ADC, FIFO (First In, First Out) memory and calibration pulser are located on one of the wide printed circuit boards which is 24.8 cm by 14.25 cm. The data-bus interface circuit developed by NSWC [2] 
Interface
The data bus interface circuit as developed by NSWC contains a microprocessor to control information flow between its associated HPGe detector and the data collection system. This microprocessor also monitors all voltages generated by the low voltage power supply of the electronics package. Communication with and transfer of data to the data collection system is through two connectors on the front panel for shielded twin-ax cable connecting to a serial data-bus. On command from the data collection system, the data-bus interface turns on/off the calibration pulser, turns on/off the bias voltage and controls the DIP relay for amplifier coarse gain changes and compensating changes in pulser amplitude. The digitized output from the ADC is transmitted from the FIFO through the data-bus interface when the data collection system is ready to accept the output. The FIFO prevents loss of ADC output if the collection system is busy. In the transfer process the interface circuitry adds an ID to the digital output so stored data can be sorted by detector. When the 26 wire ribbon cable is inserted into the connector on the front panel, the data-bus interface loses control of the electronic package and it powers up with calibration pulser on, bias voltage on and the DIP relay set for the high gain condition of amplifier coarse gain and pulser amplitude.
Low Voltages
Low voltages required for the preamplifier, high voltage bias supply and the circuits contained on the two wide circuit boards are generated by fully shielded switching regulators located on one of narrow boards. Three 
Testing of Prototype
A number of measurements and checks have been performed on this prototype electronics package to determine how well specifications were met and its performance has also been tested under vibrational conditions. All these tests have been completed without the data-bus interface installed in the container, that is, under the condition of the ADC output being accepted by a ND66 analyzer.
Salient Specifications
Salient features as specified for the prototype unit and corresponding values measureed with the delivered model are listed in Table 1 .
Gains and Resolution
The amplifier coarse gains and pulser amplitudes were set by the contractor with a large HPGe detector 1 oaned by EG G-ORTEC to give 3.0 MeV full scale in the high gain condition. However with our rugged detector (preamplifier sensitivity of 240 mv/MeV) full scale with medium fine gain was observed to be 3550 KeV. This difference is too large to be compensated by the limited fine gain adjustment and was caused by preamplifier design changes. Energy resolutions for our rugged detector obtainable with a 4 microsecond time constant on a Canberra 1412 amplifier and a gain giving 1511 KeV full scale are shown in the second column of Tabl e 2. Energy resolutions obtained with approximately the same gain but with a 2 microsecond time constant are shown in the third column. This shorter time constant gives the same time from zero to peak amplitude as observed in the electronics package amplifier.
The fourth column shows the energy resolutions obtained with 2 microseconds time constant but reduced gain so full scale was near 3 MeV. The last column shows energy resolutions obtained with our rugged detector operated by the electronics package with maximum fine gain. Short time constant and low gain in the package amplifier contribute to degradation of energy resolution from that inherent in our rugged HPGe detector.
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